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UCLA Department of Electrical Engineering
EE 10 IA Engineering Electromagnetics

Winter 2015
Final Exam, March 17 2015, (3 hours)

Name R number—a-Q-Q-Œ4g.-ð.-2.-----student 

This is a closed book exam — you are allowed 2 page of notes (each page front+back).

Check to make sure your test booklet has all of its pages — both when you receive it and when youturn it in.

Remember — there are several questions, with varying levels of difficulty, be careful not to spend toomuch time on any one question to the exclusion of all others.

Exam grading: When grading, we focusing on evaluating your level of understanding, based on what
you have WTitten out for each problem. For that reason, you should make your work clear, and
provide any necessary explanation. In many cases, a correct numerical answer with no explanation
will not receive full credit, and a clearly explained solution with an incorrect numerical answer will
receive close to full credit.

If an answer to a question depends on a result from a previous section that you are unsure of, be sure
to write out as much of the solution as you can using symbols before plugging in any numbers, that
way at you will still receive the majority of credit for the problem, even if your previous answer was
numerically incorrect.

Please be neat — we cannot grade what we cannot decipher.
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EE 10 IA -- Engineering Electromagnetics Final
1. Smith chart basics (15 points)
Consider the generic transmission line problem as shown below. Assume that the transmission line is a
coaxial transmission line filled with a material that has c=4Q),

4=100 n

/ (a) (5 points) For each of the following loads, mark their position on the Smith chart below (using
the letter as a label), and write below the reflection coefficient (magnitude andvhase angle).

A: 60 Q r = 11-+7

- 150 +j300 Q.

(b) (5 points) For each of the following loads impedances, convert to unnormalized load admittance
YL and give the value in units Q-1 . Mark the position on the Smith chart below (using the letter as
a label).

A: 60 Q. C). 0 17

100

B: = 150 +j300 Q. 0. (J 013

IOU
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0 (c) (5 points) What is the non-normalized input impedance of the transmission line Zin(-l) for each of

the loads if 1=2 cm andfrl GHz? Label each point on the Smith Chart using A", B"

A: 60 Q. A" Zin=

B: m = 150 +j300 Q. B" 150

2

loq

0.02
o, 133
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(40 points)
For this problem, you may use any methods you wish, including the Smith chart. Also, throughout this

problem assume that the transmission line is coaxial filled with a dielectric material E9co, , and the

generator voltage is v(t)=V0 cos (27tft), wherefr5 GHz and Vo=l V throughout the problem,

(a) (20 points) The goal of this problem is to design an impedance matching network that prevents

any reflections into the network and maximizes the power delivered to the load, using a shorted

stub. All transmission lines have the same characteristic impedance a. Find the lengths d and t

in order to impedance match the load the line. Give your answer in terms of wavelengths. (Note,

there are multiple solutions — you only need give one).

6milh Chan/ d

75+1100 n

100 cm

Co over (o admi lances patellel Zlemenleoj

{Owatd oenerahr
choose 
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(c) (10 points) Now consider using a lumped circuit element to match instead ofa shorted stub

(shown as reactance Xm in the figure). Should you use an inductor or a capacitor? What value

should you use (in either units Farads or Henries)?

i(t) R.-50n

100 cm

aclñll [daces para//e/

rom previ0W6

we wanl 10 remove 17M d

1.7
50 )

50 j
1.7

•10-'0/1øntiCS

,loq)
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3. (15 points) Impedance 

line over 
of transmission 

a ground plane 
line. 

with 
Consider 

dimensions 
a two 

as 
wire 
shown 

transmission 
(assume 

Final

that 
line, 

d and 
and 

a
asingle wire transmission have the same values in each case). If the characteristic impedance of the two-wire line iswhat is Zo for the wire over the ground plane? Explain the reasoning behind your answer in I •3

Two-wire Tran une

every)hðžtð 
Tran Line

lossless

Slngte wire over ground 

o

Wc know e Ihcom khak A

// behave- |vvooven a
0 (o {he con romd

m am|ðfh "1

( hataclerlslt(. fFnpedðnce

c'
c

/0 •R/ess

70

6catoct
l*vtpe rzrnaL/)5 vtnc/vangcc/
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4. Phasors and Maxwell's Equations

final
(a) (8 points) Write the phasot quantities in the time domain asquming an angularfrequency 0). (Do not include the expression "Re()" in yout anocr). A«ume F.o, J'ð. andare real numbers.

ii. n (z) = ýjHoe-'k:

Viii. (0301-440)

iv. P (z) = Vosin(Pz)

(b) (4 points) Consider a plane wave propagating through a particular medium with the phasor
relations for the field:

100
Assuming that g=go, what is the value of o and e? What directi is this wave propagating?

100

(Y O 

propaga|nð 
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EE 10 IA — Engineering Electromagnetics Final
L(c) (4 points)

171 (z) = —j)Ae-y:
Assuming that g=po, is this wave propagating through good conductor or a poor conductor (i.e

lossy dielectric)? Explain how you can tell the difference.

ood ton wc/or

(D -3.73/0-7'

v(d) (4 points) Consider the equation: V•J = —2. Apply this equation to a volume V with a surfaceêt
defined by differential elements CIS, and rewrite this equation in integral form. Give a physical
explanation of what conservation law that this describes.

app Y t/iveroence

is /Jal/

did/ C
IA volwvne had 110 7/1/5

clear/Jt3 ( 10Mrn/nn 0
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(e) (5 points) In circuit theory, Kirchofl's voltage law says that the sum ofvoltagcs in acircuit must add up to zero. Qualitatively explain and/or how this tute can dctived fromone of Maxwell's equations.

dc harð(/ay15Ï

/;p/tð/

con make elec/ros/a//1

(71 E 
//{Z

e/cc|nc fid/ (Dn5etn//Le.

}c ÈdT=0 dosed (01/9

dc
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(t) (5 points)
Here is a "proof" that there is no such thing as magnetism. Magnetic Gauss's law states that: 

When we apply the divergence theorem, we find:
f, (V.B)dV B.dS=0

Because B has zero divergence, we are able to define B as the curl of the vector potential: B 
we combine the last two equations, we obtain:

Next we apply Stokes's theorem to the above result to obtain:
f A.al -O

Thus we have shown that the circulation of A is path independent. It follows that we can write A 
where vis some scalar function. Since the curl of a gradient is zero, we arrive at the remarkable
conclusion that:

That is, the magnetic field is zero everywhere!

Obviously I made a mistake somewhere in this proof. Explain where I went wrong.

= 0

A If

V v

(Hint: pay careful attention to the definitions of the various laws and theorems -- it may be helpful to
make sketches).

0 ( no/ pa/Å

We )cn0vv

'near //tc 
/rvtc (

T/ we a pð/h C

kit-ar khe (n/re con/ñJbdc
rrrvo W//C

Jw/e

4' o sr,ue -o
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